Abstract-The continuous reduction in power consumption of sensing electronics used in underwater applications has led to immense research interests in energy harvesting techniques for self-powered devices. In this paper a new idea is proposed and studied to supply sea bottom lowconsumption devices using piezoelectric bimorphs elements. Harvesting this mechanical energy has an important hurdle because of the very low and varying frequency, which generally vary from 0.1Hz to 2Hz. Therefore, this work presents a solution on how to generate power from water kinetics using a prototype based on a Bristol pendulum which can generate electrical energy using piezoelectric bimorphs. The main purpose of this system is to unrelate the rate of impacts to the piezoelectric material from its natural oscillation frequency, making it viable to harvest energy from a slow motion environment such as the sea. Finally a prototype with a proposed electronic harvesting system is built and tested in a real medium, showing the results before concluding the article.
INTRODUCTION
Today, both the underwater communication technologies and the sensor technology are mature enough to motivate the idea of underwater sensor networks. Underwater wireless sensing systems are envisioned for stand-alone applications and as an addition to cabled systems. For example, cabled ocean observatories are being built on submarine cables to deploy an extensive Fiber-optic network of sensors (cameras, wave sensors and seismometers) covering miles of ocean oor. These cables can support communication access points, very much as cellular base stations are connected to the telephone network, allowing users to move and communicate from places where cables cannot reach. In Figure 1 is illustrated the OBSEA underwater observatory [1] having fiber-optic and power cable for communication with the shore station and acoustic modem for communication with underwater wireless instruments. However, to turn this idea into reality, one must face the problem of providing powering solutions for long term deployments. The energy requirements of lowpower electronics have steadily decreased with advancements in efficient circuitry such that energy harvesting systems can be considered feasible solutions in providing power to self-powered systems. Among the ocean areas where harvestable energy is available, the most interesting ones are the areas with tidal and ocean currents and the shallow water areas with significantly wave-induced oscillatory currents at the sea bottom. Particular, wave-induced oscillatory currents at the sea bottom are interesting for harvesting devices because of the body dynamics placed in these areas. The path of water displacement in gravity waves is roughly circular motion. In deep water, the path 978-1-4799-8736-8/15/$31.00 ©2015 IEEE becoming smaller with depth before finally disappearing as the depth increases beyond the zone of wave disturbance and wave motion does not reach the seabed. In shallow water, the water particles have an elliptical orbit and wave motion is felt at the seabed.
Nowadays, some studies use the piezoelectricity to harvest energy from vibrations [2] [3] [4] [5] [6] [7] and a few of them use mechanical impacts to obtain energy [8] [9] [10] [11] [12] . The main problematic in all referred cases, is that the configuration used in all of these studies is highly dependent on the resonant frequency of the piezoelectric element; thus presenting a real hurdle to use these methods in slow motion environments, where the obtained energy could be of one or less microwatt [4] . Although some underwater energy harvesting devices have been developed with piezoelectrics [4, 12] , these devices do not consider all the parameters in order to optimize the mismatch between the low frequency of water kinetics and the high-frequency requirements of piezoelectric transducers. The system proposed here draws upon a Bristol pendulum placed inside a floating body, to deliver all the energy into the impacting structure that can be placed in the bottom.
The paper is organized as follows. Section 2 describes the proposed system. Section 3 shows the results from a prototypal design and some characterization of the piezoelectric elements. Section 4 concludes the work and presents future research.
II. SYSTEM IMPLEMENTATION
In this paper, we present the development of a new harvesting system for underwater energy harvesting. New system configuration and piezoelectric bimorph materials are employed to improve the efficiency of energy conversion. In contrast with the conventional bimorph, resonant, vibrational energy harvester, the plucked-driven piezoelectric harvester shown in Figure  2 comprises two beams. One is a piezoelectric generating beam with a high resonant frequency; the second is a short driving beam, plectra. When the plectra impacts the generating beam, vibration is excited rst at the system's coupled vibration frequency and then at the generating beam's higher resonant frequency, producing electrical power. The underwater harvesting device designed to use this planked-driven approach is based on an internal pendulum, with plectra's attached to the internal radius and piezoelectric beams fixed to the pendulum axe. The underwater harvesting device was demonstrating The configuration presented in Figure 3 , takes advantage of the oscillating motion of a cylindrical floating body produced by the circular motion of the water particles induced by waves. The oscillating force created by the sea motion, destabilizes the pendulumbased system creating continuous impacts in the piezoelectric elements.
To evaluate the rotation of the cylindrical floating body with the pendulum-based harvesting system it has been used the OrcaFlex software [13] . Based on the simulation of the sea conditions that can be found at OBSEA observatory, deployed at around 4 km from the Mediterranean Barcelona shore at 20 meters deep, with wave height between 0.5 meters to 4 meters and wave period between 3 seconds to 10 seconds, the cylindrical floating body presents rotations between 5 to 65 deg. 
III. CHARACTERIZATION AND EVALUATION OF THE SYSTEM
To finally test the system described in this article, a functional prototype is built ( Figure 5 ). Figure 5 Sea motion electrical energy generator prototype Figure 5 shows the ensambled system, which also includes some electronics to harvest the generated electrical energy. The electronic system, attached to the top of the case, includes an energy harvesting evaluation kit (IPS-EVAL-EH-01), featuring the high efficiency regulator chip MAX17710 which also manages the input and output charge of an ultrathin THINERGY® MEC battery. This solid-state battery is charged by the energy that three piezoelectric elements provide. This board enables the 3.3V output of the harvester chip, loaded with a 120K resistor, every ten minutes. While the output is enabled, a microcontroller senses it using a low-power Operational Amplifier in a buffer configuration to avoid the charge effect of the ADC. When the output decreases, reaching a threshold of 2.7V, it is disabled until the next ten minutes have elapsed. The whole system was deployed in a water tank capable to simulate waves between 10cm to 30cm and wave periods from 3 to 10s. The driving rotation of the harvesting device with medium of 0.10 rad (7 deg) has been designed with several plectra's facing the piezoelectric beam and with 5mm gap. The impact phase between the piezoelectric beam and the plectra's appears several times per cycle, as illustrated in figure  7 , depending on the maximum rotation angle of the harvesting device and after each impact occurs the free vibration phase. The results provided by the experiment are shown in Figure 7 . This chart reveals how much energy has been provided through the output resistor of 120K electrical energy generator. In the first eight experiments, with medium wave height of 10 cm and wave period between 3 to 10 seconds, electrical energy generator produces approximately 0.15 mJ. In the last experiments, with medium wave height of 30 cm and wave period between 3 to 10 seconds, electrical energy generator produces from 0.3 mJ to a maximum of 0.6 mJ. Figure 8 Final results from the prototype experiment Experimental results shows that the proposed energy harvester achieves a maximum power density of 350μW/cm3.
IV. CONCLUSIONS
A new idea about harvesting energy from the ocean is proposed and evaluated, featuring the piezoelectric bimorphs elements to obtain electrical energy from the sea motion using an impact-based system. Different tests are worked out to evaluate the impacts and piezoelectric elements, characterizing these last ones and comparing the obtained results with the theoretical analysis.
Finally a prototype is built and tested in the water tank, and even though it did not generate a big amount of electrical energy, it gives an idea of how much power can be obtained or which kind of systems can be fed with the proposed system. The obtained results give hope to think that this system can be implemented and applied to power small nets of underwater wireless sensors, which was the main aim of this investigation. This nets would acquire data and communicate with the nearest node every certain time, remaining in a sleep mode the rest of the period. On the other hand, higher levels of sea motion can produce great amount of energy if the system is designed with the correct materials.
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